Objective: To examine the association between body mass index (BMI), waist circumference (WC), and waist-to-hip ratio (WHR) and risk of dementia and its subtypes in late life.
Evidence suggests that weight loss precedes the diagnosis of dementia [1] [2] [3] [4] and may be the result of preclinical pathophysiologic changes. 5 Increased adiposity also is associated with an increased risk of dementia. [6] [7] [8] These paradoxical findings are likely related to the long preclinical phase of dementia and the problem that associations between various risk or protective factors and dementia depend upon when they are measured in relation to the clinical onset of disease. In this regard, overweight or obesity in midlife may be more appropriately considered a risk factor, while declining weight in late life may be considered a preclinical indicator of the disease.
The purpose of the current study is to examine the relation between late-life adiposity, measured by body mass index (BMI), waist circumference (WC), and waist-to-hip ratio (WHR), and incident dementia, Alzheimer disease (AD), and vascular dementia (VaD). We used data from the Kame Project, a prospective cohort study of Japanese Americans in King County, WA, to calculate the risk of dementia, AD, and VaD as a function of baseline adiposity, and to further determine whether change in BMI is associated with risk. We hypothesized that higher adiposity at baseline and slower rate of decline in BMI would be associated with decreased risk of dementia and its subtypes.
METHODS Study population. Participants were members of the Kame Project, a population-based prospective study of community-and institution-dwelling Japanese Americans 65 years and older living in King County, WA. The study was carried out between May 1992 and December 2001 and consisted of five time points (baseline and follow-ups at approximately 2, 4, 6, and 8 years). The study was approved by the University of Washington Human Subjects Committee and supported by a Japanese American Community Advisory Board, and written informed consent was obtained from all participants. A more detailed description of the study has been presented elsewhere. 9 From the 3,045 participants enumerated in a study census of Japanese Americans in King County, WA, in November 1991, 1,985 individuals participated in the baseline examination between May 1992 and September 1994 (65.2%). Of these, 149 were identified as prevalent cases of dementia and 1,836 were dementia-free at baseline and eligible for follow-up to detect incident dementia. Of these 1,836 participants, 1,615 (88.0%) had anthropometric data, of whom 137 were missing follow-up data due to death, loss to follow-up, or refusal to participate, leaving 1,478 (80.5%) participants for the current analysis. During the entire study period (mean ϭ 7.8 years; SD ϭ 0.3), 129 incident dementia cases, 71 incident AD cases, and 22 incident VaD cases were documented in the sample with complete data for this analysis.
Dementia diagnosis. The diagnosis of dementia was based on a two-stage case ascertainment process consisting of cognitive screening followed by a clinical diagnostic evaluation. Trained interviewers first administered the Cognitive Abilities Screening Instrument 10 to assess cognition at baseline and at each biennial. Participants who scored 86 or less of a possible 100 points were referred for full standard clinical and neuropsychological evaluation. The clinical evaluation consisted of physical, neurologic, and laboratory examinations by study physicians 9 and informant interviews including the Clinical Dementia Rating Scale. 11 Trained psychometrists administered the Consortium to Establish a Registry for AD 12 neuropsychological test battery and other tests. 9 A consensus committee determined the presence of dementia and its subtypes based on the DSM-IV 13 criteria for dementia, the National Institute of Neurological and Communicative Disorders and Related Disorders Association 14 criteria for AD, and a number of criteria for VaD. 15, 16 A more detailed description of the diagnostic procedure can be found elsewhere. 9 Anthropometric measures. At the baseline examination, anthropometric measurements including standing height, weight, WC, and hip circumference were taken by trained interviewers and recorded for each participant. Only weight was measured at each of the follow-up examinations. BMI (weight [kg] over height squared [m 2 ]) was considered the primary index of body weight since it is scaled according to height, and was categorized as obese (BMI Ն25.0), overweight (BMI ϭ 23.0 -24.9), normal (BMI ϭ 18.5-22.9), and underweight (BMI Ͻ18.5) according to cutoffs proposed by the International Obesity Taskforce for Asian populations 17 for descriptive purposes. WC (inches) and WHR (WC [in] over hip circumference [in]) were considered secondary measures of adiposity. Fixed slope parameters for each participant were calculated using random effects modeling and served as the measure of rate of change in BMI across the study period (mean ϭ Ϫ0.07, SD ϭ 0.16).
Covariates. The demographic characteristics of gender (men/ women) and education (dichotomized from the original continuous variable as less than high school/high school or greater) were included as covariates. In addition, baseline values were elicited for current or past smoking status (yes/no), current or past alcohol consumption (yes/no), and regular exercise (yes/no). Self-reported history of cardiovascular conditions including hypertension (yes/no), hypercholesterolemia (yes/no), angina pectoris (yes/no), diabetes (yes/no), heart attack (yes/no), TIA (yes/ no), and stroke (yes/no) were collected at baseline. Information on ApoE genotype status was available for 1,056 (57.2% [of 1,836]) participants from the first biennial assessment who also had adiposity measures.
Statistical analyses. The association between the adiposity measures and risk of incident dementia, AD, and VaD was examined using Cox proportional hazard regression models to estimate hazard ratios (HRs) and 95% confidence intervals (CIs), with age at onset as the time scale and age at entry as the truncation variable. 18 Three separate models were calculated for continuous baseline BMI, WC, and WHR and continuous change in BMI: 1) adjusting for age, 2) additionally adjusting for gender and education, and 3) additionally adjusting for smoking status, alcohol consumption, regular exercise, hypertension, hypercholesterolemia, angina pectoris, diabetes, heart attack, TIA, and stroke. We also added a quadratic term for BMI when investigating the association between baseline BMI and dementia to account for the nonlinear relation observed graphically, which produced a better fitting model. A multiplicative interaction term between baseline BMI and change in BMI was estimated in fully adjusted proportional hazard regression models for dementia to determine whether the association between change in BMI and dementia depended upon baseline BMI. All analyses were conducted using SAS version 9 19 with p values less than 0.05 (two-tailed) interpreted as being significant.
RESULTS
The average age of the participants at baseline (n ϭ 1,478) was 71.8 years, 55.3% were women, and 75.8% had at least high school education or greater. The average BMI was 24.3 (range 15.4 -47.3), with 39.6% obese, 24.6% overweight, 32.7% normal weight, and 3.1% underweight. In terms of the other covariates at baseline, 48.9% were current or past smokers; 37.1% were current or past drinkers of alcohol; 65.2% reported regular physical activity; 46.8% reported hypertension; 5.3% reported having a coronary artery attack; 3.3% reported having a TIA; 2.6% reported a stroke; 16.6% reported diabetes; 12.3% reported hypercholesterolemia; 5.5% reported angina; and 20.6% were ApoE 4 allele positive. The current sample did not differ from the dementia-free cohort (n ϭ 1,836) with respect to any of the covariates except age and education, where the current sample was 0.9 years younger (t ϭ Ϫ2.78; p ϭ 0.004) and 46.0% had greater than or equal to high school education compared to the dementia-free cohort (54.0%; 2 ϭ 7.13, p ϭ 0.008).
The characteristics of the sample by BMI category at baseline are shown in table 1. Those who were underweight were more likely to be women, less likely to be a current or past smoker or alcohol drinker, and less likely to have high cholesterol or diabetes. Those who were of normal weight were the least likely to have hypertension. Table 2 shows the associations between baseline and change in BMI and risk of dementia, AD, and
VaD. BMI at baseline was inversely associated with dementia, AD, and VaD, but was only significant for AD in the fully adjusted model. We did not find that the risk of dementia, AD, and VaD was associated with WC and WHR at baseline (data not shown).
The risk of dementia and AD was reduced with a slower rate of BMI decline during the study period in the fully adjusted model where an average BMI decline of 1.06 units less per year (1.15 for AD) was associated with a 63% reduced risk (68% for AD), although the point estimate for AD was marginally significant. Adjusting for the presence of the ApoE 4 allele did not substantially change the results, but did strengthen the association between rate of change in BMI and the risk of dementia and AD. A significant interaction between baseline BMI and change in BMI was found for dementia (HR ϭ 0.73, 95% CI ϭ 0.53-0.99, p for interaction ϭ 0.048). The reduction in risk of dementia with slower BMI decline was greater with increasing BMI at baseline (figure) where there was a significant reduction in risk for those whose baseline BMI was overweight or obese (HR ϭ 0.18, 95% CI ϭ 0.05-0.58) compared to those who were normal or underweight (HR ϭ 1.00, 95% CI ϭ 0.18 -5.66).
DISCUSSION
In this analysis from the Kame Project, we report that the risk for AD was reduced with higher late-life BMI at baseline and that the risks of dementia and AD were reduced with a slower rate of BMI decline over a follow-up period of approximately 8 years. More importantly, the extent to which change in BMI was associated with dementia depended upon baseline BMI such that overweight or obese participants at baseline had a more pronounced reduction in risk with slower decline in BMI compared to normal or underweight participants. These findings suggest that late-life adiposity is associated with the risk of dementia, where high and slowly declining BMI reduce the risk; or con-versely, that low or fast declining BMI may be preclinical indicators for dementia. The risk for dementia is believed to develop across the lifespan as the pathologic hallmarks have been detected decades before its clinical presentation. Because of its long prodromal period, assessing the characteristics of a risk factor is time-dependent and the potential for reverse causality exists. Our finding of a reduced risk of AD with higher baseline BMI is suggestive of a protective effect of higher BMI in late life, similar to findings from the Kungsholmen Project 6 and the Chicago Health and Aging Project. 20 This is different from what has been shown in midlife, where overweight or obesity increased the risk of dementia and AD. 8 Our findings are in accord with others who have shown weight loss in later life to be a risk factor for dementia 1,2 and for weight loss to precede the diagnosis of dementia. 3, 4 Hence, it may be that a nonlinear association exists where higher adiposity in midlife increases the risk of dementia and its subtypes, and that pathophysiologic changes associated with dementia then lead to declines in adiposity in late life. 5 Measures of central fat distribution, including WC and WHR, are known to increase the risk of coronary heart disease 21 and mortality 22 more than total body weight. Evidence suggests that central obesity in midlife 23 and late life 24 increases the risk of dementia and AD. Our findings do not support a link between WC or WHR in late life and dementia risk. These findings are partially in accord with those of the Northern Manhattan study where continuous WC was not associated with dementia, AD, or dementia associated with stroke. The same study did, however, find that the risk of dementia associated with stroke was increased for the largest WC quartile compared to the smallest WC quartile. 7 Additional studies at both midlife and late life are needed to further elucidate whether central adiposity is associated with the risk for dementia and its subtypes.
The finding that overweight or obese participants had a reduced risk of dementia with slower decline in BMI compared to those who were normal or underweight may reflect a floor effect. Those who are normal or underweight at baseline have less weight to lose compared to those who are overweight or obese, which would lessen their rate of change in BMI over the course of the study. It may also be that those who were normal or underweight at the beginning of the study and were losing weight at a faster rate were lost to follow-up since this weight loss could affect overall health. Taken together, the results suggest that having a slow rate of a decline in weight if previously overweight or obese may reduce risk more than being overweight or obese alone in late life.
Figure Association between BMI change over the study period and dementia depends on baseline BMI
The x-axis shows baseline body mass index (BMI), and the y-axis shows the hazard ratio (HR) for change in BMI over the study period and dementia controlling for baseline BMI, age, and education.
The use of BMI categories for Asian populations in our study resulted in a high number (39.6%) of obese (BMI Ͼ25) participants at baseline compared to the United States prevalence of 12% in the early 1990s. 25 Using the Caucasian BMI cutpoints reduced this number to 5.0% for obese (BMI Ͼ30) with the remaining 3.1% underweight (BMI Ͻ18.5), 57.3% normal (BMI ϭ 18.5-25), and 34.6% overweight (BMI ϭ [25] [26] [27] [28] [29] [30] . Since 96% of the participants in the Kame Project were 100% Japanese, 9 and twin studies have shown that genetic influences on BMI are substantial, 26 we considered the Asian, rather than Caucasian, categories to be more appropriate for our sample. Furthermore, studies have shown that Asians in general have higher body fat, greater centralized distribution of body fat, and higher WHR than Caucasians with lower or similar BMIs, which highlights the importance of redefining the categories to assess health risks in our sample. 17 Despite this descriptive difference, we believe that our main findings are generalizable beyond Japanese American or Asian populations since we used continuous measures of baseline BMI and change in BMI that were independent of BMI categories.
Several biologic processes may explain the association between high and slower decline in BMI and reduced risk of dementia. Higher weight in late life may offer protection by increasing insulin-growth factor I levels, 27 increasing leptin hormone levels known to be involved in regulation of synaptic plasticity in the hippocampus, 28 and increasing the production of estrogen, 29 all of which have been shown to be associated with better cognitive performance. 30, 31 Slower decline in BMI over the course of the study may indicate that preclinical changes associated with dementia are not occurring. Brain areas that control weight (i.e., mesial temporal cortex) 32 are affected during the preclinical dementia phase that may lead to weight loss. Weight loss may also result from predementia apathy, 33 reduced olfactory function, 34 difficulty in eating, 35 or inadequate nutrition 36 due to cognitive impairment.
There are both strengths and limitations of this study that should be acknowledged. The first strength is that the association between various measures of adiposity and incident dementia and two of its subtypes were examined. Also, the study included both community and institutionalized individuals, minimizing any selection bias that may result from including only those healthy enough to remain independent in the community. Finally, we adjusted for multiple variables that would likely confound any associations between adiposity and dementia.
Limitations of this study include the relatively short follow-up period, which increases the potential for reverse causality to explain the findings. Also, our sample was limited to Americans who were of Japanese ancestry and thus may limit the generalizability to other populations. We also assumed that height was constant throughout the study period even though studies have shown that women and men lose 0.2 to 0.3 cm per year between the ages of 70 and 90 years 37 ; however, any error introduced would likely nondifferentially overestimate the rate of decline in BMI and not bias the findings. It is also possible that using BMI as our measure of weight may have underestimated adiposity in the elderly who generally have less lean body mass, 38 which would have attenuated our findings. Finally, we had insufficient power to detect a relationship between adiposity and VaD, but did find similar point estimates as dementia and AD. Others studies with more power have shown a stronger effect for VaD than AD, 7 suggesting that adiposity may exert its influence on dementia with a vascular origin.
